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© The present invention aims at increasing the 
divergence angle of a beam in the direction of a 
road surface in a short-range with an omnidirectional 
detection zone and without sacrificing the maximum 
detectable range. A double-focus lens is integrally 
formed with a short focal distance portion provided 
in the central part thereof and with a long focal 
distance portion provided at the circumferential part 
thereof, and a light source is disposed at a distance 
from the double-focus lens which is slightly shorter 
than the focal distance of the short focal distance 



portion of the double-focus lens. When the light from 
the light source is projected through the double- 
focus lens, the outgoing light from the short focal 
distance portion thereof which has a small diver- 
gence angle does not diverge greatly, so that it can 
be sent far away. On the other hand, the outgoing 
light from the long focal distance portion which has a 
large divergence angle diverges a little, so that it is 
sent to a short distance area, especially, to an area 
extending in the width direction of a road surface. 
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Technical Held 

This invention relates to an optical radar ap- 
paratus, and is used, for example, for a constant- 
speed traveling apparatus and an optical radar ap- 5 
paratus capable of accurately detecting the position 
of a vehicle, an obstacle or the like moving closer 
to a detection-side vehicle. 

Background Art w 

As optical radar apparatuses capable of setting 
a detection area in a widthwise direction of a road 
surface, there are apparatuses such as those dis- 
closed in Japanese Utility Model Laid-Open Nos. 75 
59-117980 and 59-117981. 

In the apparatus disclosed in Japanese Utility 
Model Laid-Open No. 59-117980, shown in Figs. 
7A and 7B, light from a light source is condensed 
to some extent by a lens to obtain a first detection 20 
range 0T1, and the light source is suitably moved 
to obtain a second detection range 0T2 wider than 
the first detection range 0T1 in a widthwise direc- 
tion of a road surface by changing the degree of 
condensing of the lens. 25 

In the apparatus disclosed in Japanese Utility 
Model Laid-Open No. 59-117981, shown in Fig. 8, 
light from a light source traveling through a lens is 
diffused by a prism to increase an expansion angle 
in a road surface direction, thereby setting a detec- 30 
tion range wide in a widthwise direction of a road 
surface. 

In the apparatus disclosed in Japanese Utility 
Model Laid-Open No. 59-117980 among the above- 
described conventional apparatuses, shown in Figs. 35 
7A and 7B, however, light cannot be emitted si- 
multaneously for the first detection range 0T1 and 
the second detection range 0T2, and the detection 
range is set one-sidedly, since the detection range 
is changed by moving the light source. 40 

The apparatus disclosed in Japanese Utility 
Model Laid-Open No. 59-117981, shown in Fig. 8, 
entails the problem of a reduction in the maximum 
detection distance because light is uniformly dif- 
fused by the prism. Because of this problem, it is 45 
not possible to meet a demand heretofore made for 
widening the detection range in a widthwise direc- 
tion of a road surface in a short-distance area 
without reducing the maximum detection distance 
when an optical radar apparatus is used for an 50 
inter-vehicle control or an obstacle detecting ap- 
paratus. 

The present invention has been achieved in 
consideration of the above-described problems, 
and an object of the present invention is to provide 55 
an optical radar apparatus capable of increasing 
the expansion angle in a road surface direction in a 
short-distance range without setting the detection 
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range one-sidedly and without sacrificing the maxi- 
mum detection distance. 

Disclosure of Invention 

According to the present invention, an optical 
radar apparatus is therefore adopted in which a 
beam of light is emitted from a light transmitter, 
reflected light from an object is received by a light 
receiver, and the distance to the object is detected 
on the basis of a light transmitting-receiving rela- 
tionship, the light transmitter having: 

an optical device formed of at least a first 
focus portion having a first focal length, and a 
second focus portion having a second focal length 
at least longer than the first focal length; and 

a light source provided in a position at a dis- 
tance equal to or shorter than the first focal length 
from the optical device, the light source emitting 
light to the optical device so that light travels to the 
outside through the first focus portion and the 
second focus portion. 

In the above-described arrangement, the op- 
tical device provided in the light transmitter is 
formed of at least the first focus portion and the 
second focus portion, and the light source provided 
in the light transmitter is provided in a position at a 
distance equal to or shorter than the first focal 
length from the optical device, and emits light to 
the optical device so that light travels to the outside 
through the first focus portion and the second 
focus portion. 

Accordingly, light emerging from the first focus 
portion in the light emitted from the light source to 
the optical device has a small expansion angle 
such as not to diffuse largely and, therefore, can be 
caused to reach a long distance. On the other 
hand, light emerging from the second focus portion 
has a large expansion angle such as to diffuse to 
some extent and, therefore, can be caused to travel 
over a short-distance area and, more particularly, 
over an area extended in a widthwise direction of a 
road surface. 

Brief Description of Drawings 

Fig. 1 is a configurational diagram showing a 
first embodiment of the present invention, Fig. 2 is 
a conceptional configurational diagram for explain- 
ing the relationship between a focal length and an 
emergence angle of an ordinary convex lens, and 
Fig. 3 is a conceptional configurational diagram for 
explaining focal lengths and emergence angles of a 
double-focus lens 7 in the first embodiment. 

Fig. 4 is a conceptional diagram conceptually 
showing an emergence pattern of light from the 
double-focus lens 7, Fig. 5 is a configurational 
diagram showing a second embodiment of the 
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present invention, Fig. 6 is a configurations! dia- 
gram showing a third embodiment of the present 
invention, Figs. 7A and 7B are configuration^ dia- 
grams showing the configuration of a conventional 
art, and Rg. 8 is a configurational diagram showing 
the configuration of another conventional art. 

Fig. 9 is a configurational diagram showing the 
configuration of a multiple focus lens 40 in a fourth 
embodiment of the present invention, Figs. 10A 
and 10B are characteristic diagrams showing char- 
acteristics of a semiconductor laser diode for use 
in the fourth and fifth embodiments of the present 
invention, and Rg. 11 is a configurational diagram 
conceptually showing an emergence pattern of light 
from the multiple focus lens 40 in the fourth em- 
bodiment. 

Figs. 12A, 12B, 12C are schematic configura- 
tional diagrams schematically showing a multiple 
focus lens 53 in the fifth embodiment of the 
present invention, Rg. 13 is a conceptional diagram 
conceptually showing an emergence pattern of light 
from the multiple focus lens 53 in the fifth embodi- 
ment, and Fig. 14 is a conceptional diagram con- 
ceptually showing an emergence pattern of light 
from a lens in a fifth embodiment of the present 
invention. 

Best Mode for Carrying Out the Invention 

The present invention will be described below 
with respect to embodiments illustrated in the 
drawings. 

Rg. 1 is a configurational diagram showing a 
first embodiment of the present invention. 

Referring to Fig. 1, a light transmitter 5 formed 
of a box-like member is constituted by a light 
source 6 which emits pulse-like light by a drive 
pulse signal and which is formed of a semiconduc- 
tor laser diode fixed on the light transmitter 5, a 
double-focus lens 7 (corresponding to an optical 
device) integrally formed of glass, plastic or the like 
in such a manner that a short-focus potion 7a 
(corresponding to a first focus portion) placed 
about its center and a long-focus portion 7b (cor- 
responding to a second focus portion), and a 
photodiode 11 with which a light emitting state of 
the light source 6 is monitored. 

Specifically, the light source 6 is disposed at a 
distance slightly smaller than the focal length of the 
short-focus portion 7a of the double-focus lens 
such that light is emitted through the short-focus 
portion 7a at a narrow-expansion angle 0a while 
light is emitted through the long-focus portion 7b at 
a wide expansion angle 0b, thereby enabling the 
light emitted through the short-focus portion 7a to 
cover a long-distance area and the light emitted 
through the long-focus portion 7b to cover a short- 
distance area which is an area extended to the left 



and light (i.e., a widthwise direction of a road 
surface). Details of the double-focus lens will be 
described later. 

On the other hand, a light receiver 8 formed of 

5 a box-like member is constituted by an optical 
system 10 which condenses light reflected by a 
reflex reflector or the like of a vehicle in front, and 
a photodiode 9 which receives condensed light 
(pulse-like light) and which photoelectrical^ con- 
to verts the received light. 

A control circuit 1 is constituted by a pulse 
generator 2 which generates a drive pulse signal to 
the light source 6, a pulse detector 3 which detects 
a pulse signal from the photo diode 9, and a signal 

75 processing circuit 4 in which a transmission delay 
time from a light emission start to a light receiving 
detection is obtained from an emission start signal 
from the pulse generator 2 (or a monitor signal 
(pulse signal) from the photo diode 11) and a light 

20 receiving detection signal from the pulse detector 
3, and in which the distance to the reflector (ve- 
hicle in front) is measured on the basis of this 
transmission delay time. In the signal processing 
circuit 4, a confirmation is also made as to whether 

25 the light source 6 is suitably emitting light on the 
basis of the monitor signal from the photodiode 1 1 . 

The operation of the above-described arrange- 
ment will now be described. 

When a drive pulse signal is generated from 

30 the pulse generator 2, the light source 6 emits 
pulse-like light to the double-focus lens 7. From the 
double-focus lens 7, the light emitted from the light 
source 6 is emitted at the narrow-expansion angle 
0a by the short-focus portion 7a and at the wide- 

35 expansion angle 0b by the long-focus portion 7b. 
At this time, the light emitting state of the light 
source 6 is monitored with the photodiode 1 1 , and 
an emission start signal corresponding to the start 
of emitting light is output from the pulse generator 

40 2 to the signal processing circuit 4. 

If part of the light emitted from the light trans- 
mitter 5 is reflected by a reflex reflector or the like 
of a vehicle in front, it is condensed on the 
photodiode 9 by the optical system 10, and a pulse 

45 signal is generated by photoelectric conversion in 
the photodiode 9. The generated pulse signal is 
immediately detected by the pulse detector 3, and 
a receiving detection signal corresponding to the 
received light detection is output to the signal pro- 

50 cessing circuit 4. 

Then, in the signal processing circuit 4, a 
transmission delay time from the light emission 
start to the light receiving detection is obtained 
from the emission start signal from the pulse gen- 

55 erator 2 (or the monitor signal (pulse signal) from 
the photodiode 11) and the light receiving detection 
signal from the pulse detector 3, and the distance 
to the reflector (vehicle in front) is measured on the 
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basis of this transmission delay time. The result of 
this measurement is output as distance information 
to an unillustrated display unit or the like to be 
displayed. 

The relationship between the focal lengths and 
emergence angles of the double-focus lens 7 will 
next be described. 

Fig. 2 is a conceptional configurational diagram 
for explaining the relationship between a focal 
length and an emergence angle of an ordinary 
convex lens. Referring to Fig. 2, a condenser lens 
such as a convex lens 36 has a characteristic such 
that if a point light source is placed at a point A 
which is located at a distance corresponding to a 
focal length f from the center of the convex lens 
36, light 100 from the point A becomes parallel 
light 110 by passing through the convex lens 36. 

On the other hand, if the point light source is 
placed at a point B which is located at a distance f 
shorter than the focal length f from the center of 
the convex lens 36, light 120 traveling from the 
point B and passing through the convex lens 36 
emerges from the convex lens 36 as light 130 
having an expansion angle 01 proportional to a 
distance ratio f7f. Further, if the point light source is 
placed at a point C which is located at a distance 
f" longer than the focal length f from the center of 
the convex lens 36, light 140 traveling from the 
point C and passing through the convex lens 36 
emerges from the convex lens 36 as light 150 
having a convergence angle 02 proportional to a 
distance ratio f"/f. 

From this general characteristic, the relation- 
ship between the focal lengths of and emergence 
angles of the above-mentioned double focus lens 7 
is considered to be as shown in Fig. 3, which is a 
conceptional configurational diagram for explaining 
the relationship between the focal lengths of and 
emergence angles of the above-mentioned double 
focus lens 7. 

Referring to Fig. 3, the above-mentioned light 
source 6 is placed at a point E which is shifted a 
distance d toward the center of the double-focus 
lens 7 from a point D which is at a distance D' from 
the lens center corresponding to the focal length D 
of the short-focus portion 7a. Then, with respect to 
eight 200 and 230 emerging from the light source 
6, light 200 emitted from the light source 6 
emerges at an expansion angle of 6a/2 from par- 
allel light 220 which is obtained when the light 
source 6 is placed at the point D. On the other 
hand, light 230 emerges at an expansion angle 
0b/2 (da < eb) from parallel light 250 which is 
obtained when the light source 6 is placed in an 
unillustrated position at a distance corresponding to 
the focal length of the long-focus portion 7b from 
the center of the double-focus lens 7. 



Accordingly, light 210 emerging from the short- 
focus portion 7a has a small emergence angle (i.e., 
expansion angle) such as not to diffuse largely. 
Therefore, the emerging light can be caused to 

5 reach a long distance. On the other hand, light 240 
emerging from the long-focus portion 7b has a 
large emergence angle such as to diffuse to some 
extent. Therefore, the emerging light can be caus- 
ed to travel over a short-distance area and, more 

70 particularly, over an area extended in a widthwise 
direction of a road surface. 

Next, an emergence pattern of light from the 
above-described double-focus lens 7 will be de- 
scribed with reference to the conceptional diagram 

75 of Fig. 4, in which the coordinate represents detec- 
tion distance L (m) from the light transmitter 5 
while the abscissa represents detection width W 
(m), and in which broken lines designate an emer- 
gence pattern of light in the case of using the 

20 above-mentioned convex lens 36 (Fig. 2). 

As shown in Fig. 4, light emerging from the 
short-focus portion 7a covers the short-distance 
area with the expansion angle 0a/2 from a center, 
while light emerging from the long-focus portion 

25 covers a long-distance area with the expansion 
angle 0b/2 from the center. 

As shown in Fig. 4, the detection distance 
changes with a change in the emergence angle 
depending upon the ratio of the areas of the short- 

30 focus portion 7a and the long-focus portion 7b as 
well as the factor based on the above-described 
emergence angle. That is, the intensity of light 
emerging from each of the short-focus portion 7a 
and the long-focus portion 7b is proportional to the 

35 glass area. Therefore, a farthest detection distance 
and a nearest detection distance can be set by 
setting the area ratio of the glass area of the short- 
focus portion 7a and the glass area of the long- 
focus portion 7b. 

40 In the first embodiment of the present inven- 
tion, as described above, two detection areas, i.e., 
a long-distance area and a short-distance area can 
be provided without suitably moving the light 
source 6. Therefore, the detection range is not set 

45 one-sidedly and there is no need to provide a drive 
circuit for moving the light source. 

Also, the double-focus lens 7 formed of the 
short-focus portion 7a and the long-focus portion 
7b is used to diffuse light emitted from the light 

50 source 6 to different extents (an extent such that 
diffused light closer to parallel light and a larger 
extent of diffusion). It is thereby possible to extend 
the detection width of the short-distance area with- 
out sacrificing the maximum detection distance to 

55 realize a detection area suitable for an inter-vehicle 
control or obstacle detection apparatus. 

In the above-described first embodiment, an 
emergence pattern of light from the double-focus 
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lens 7, such as that shown in Fig. 4, is illustrated. 
However, any other desired emergence pattern can 
be formed by independently changing the focal 
lengths of the short-focus portion 7a and the long- 
focus portion 7b forming the double-focus lens 7, 
the distance between the double-focus lens 7 and 
the light source 6, and the ratio of the areas of the 
short-focus portion 7a and the long-focus portion 
7b of the double-focus lens 7. 

The optical system of the light transmitting 
section may be formed of any multiple focus sys- 
tem other than the double-focus lens according to 
one's need. Further, the light transmitter 5 and the 
light receiver 8 may be arranged integrally with 
each other (by combining the two box-like units 
into one unit), although they are separately ar- 
ranged in the above-described first embodiment. 
The same can also be said with respect to second 
to sixth embodiments described below. 

The second embodiment of the present inven- 
tion will be described with reference to Fig. 5. In 
the second embodiment, a transmission type holo- 
gram 18 is used as an optical system for a light 
transmitter instead of the double-focus lens 7 of the 
first embodiment. A control circuit 12, a pulse gen- 
erator 13, a signal processing circuit 14, a pulse 
detector 15, a light transmitter 16, a light source 
17, a light receiver 19, a photodiode 20, an optical 
system 21, and a photodiode 22 are the same as 
the corresponding components of the first embodi- 
ment and, therefore, will not be explained. 

Referring to Fig. 5, the transmission type holo- 
gram 18 of this embodiment (corresponding to the 
optical device) can distribute, for example, light 
having a small distortion in light waveform at an 
emission center of the light source to a short focus 
and a long focus at any ratio (evenly in some case) 
because the transmission type hologram 18 can be 
manufactured as a transmission type hologram 18 
having a short focus and a long focus existing 
mixedly by multiple exposure, while in the case of 
the double-focus lens 7 of the first embodiment 
there is a need to divide the internal region of the 
lens into the short-focus portion 7a and the long- 
focus portion 7b. Therefore, it is possible to easily 
control a dispersion of the distance measuring ac- 
curacy with respect to an area covered by the 
short-focus portion (long-distance area) and an area 
covered by the long-focus portion. 

Next, the third embodiment of the present in- 
vention will be described with reference to Fig. 6. 
In the third embodiment, a reflection type hologram 
31 is used as an optical system for a light transmit- 
ter instead of the double-focus lens 7 of the first 
embodiment. A control circuit 23, a pulse generator 
24, a signal processing circuit 25, a pulse detector 
26, a light transmitter 27, a light source 28, a light 
receiver 32, a photodiode 33, an optical system 34, 



and a photodiode 35 are the same as the cor- 
responding components of the first embodiment 
and, therefore, will not be explained. 

Referring to Rg. 6, the reflection type hologram 

5 31 (corresponding to the optical device) can be 
manufactured as a hologram having a short focus 
and a long focus existing mixedly by multiple expo- 
sure, as in the case of the above-described second 
embodiment. Accordingly, the angle of incidence 

to upon the reflection type hologram 31 is set accord- 
ing to the placement relationship between mirrors 
29 and 30 and the light source 28 by considering 
the reflection angle of the reflection type hologram 
31 . It is not necessary to use the mirrors 29 and 30 

75 if the angle of incidence upon the reflection type 
hologram 31 can be set only by the placement of 
the light source 28 alone. 

Next, the fourth embodiment of the present 
invention will be described with reference to Fig. 9. 

20 In the fourth embodiment, as shown in Fig. 9, a 
multiple focus lens 40 having a shape different 
from that of the double-focus lens 7 of the first 
embodiment is used. This multiple focus lens 40 
has a cylindrical surface 40a for causing an emer- 

25 gence of light at the expansion angle da for a long- 
distance area (Fig. 1) and a flat surface 40b for 
causing an emergence of light at the expansion 
angle 0b for a short-distance area (Fig. 1). 

Referring to Fig. 9, the multiple focus lens 40 

30 is formed of the cylindrical surface 40a having a 
predetermined radius of curvature, the flat surface 
40b and an aspherical surface 40c. The cylindrical 
surface 40a is seen as if it is formed as a flat 
surface in Fig. 9. Actually, however, it is formed as 

35 a curved surface having a radius of curvature much 
larger than the radius of curvature of the aspherical 
surface 40c. 

In the fourth embodiment, by the above-de- 
scribed arrangement, the cylindrical surface 40a 

40 and the aspherical surface 40c cause an emer- 
gence of light at the expansion angle fla for a long- 
distance area (Fig. 1), while the flat surface 40b 
and the aspherical surface 40c cause an emer- 
gence of light at the expansion angle 0b for a 

45 short-distance area (Fig. 1). 

An example of the arrangement shown in Fig. 9 
will be described below in which an outside shape 
G of the multiple focus lens 40 is ^ 30, the radius 
of curvature of the cylindrical surface 40a is R = 

so 135, the width I of the cylindrical surface 40a is 
15.5 mm, the radius of curvature of the aspherical 
surface 40c calculated by substituting Ro = 16 and 
K = - 0.52 in an equation shown below is Z, the 
thickness J of the multiple focus lens 40 is 10 mm, 

55 and a semiconductor laser diode 41 having its 
directionalities shown in Figs. 10A and 10B is dis- 
posed at a position of L = 20 mm on the optical 
axis of the cylindrical surface 40a. The semicon- 
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ductor laser diode 41 is disposed so that the direc- 
tionality shown in Fig. 10A is parallel to the R 
direction of the cylindrical surface 40a. 

Z = ch2/[1 + {1 - (K + l^h 2 } 1 *] + Ah 4 (1) 
(h 2 = x 2 + y 2 c = 1/Ro) 

In the optical radar apparatus set and arranged 
as described above, light is emitted by the semi- 
conductor laser diode 41 in an emergence pattern 
such as that shown in Fig. 11. At this time, the 
expansion angle 0a for a long-distance area is 
2.96° while the expansion angle 0b for a short- 
distance area is 9.8 * . 

An example of a modification of this embodi- 
ment may be such that, in the multiple focus lens 
40 shown in Fig. 9, a diffusing flat surface plate 
(corresponding to the diffusing flat surface portion), 
for example, is used in place of the flat surface 
40b, and this diffusing flat surface plate 40b and a 
spherical lens having the cylindrical surface 40a or 
the like (corresponding to the focus portion) are 
combined. In this case, however, light emerges 
only from the flat surface 40b, i.e., the diffusing flat 
surface plate for the short-distance area. Therefore, 
the light is diffused and weakened by the diffusing 
flat surface plate, thereby slightly reducing the de- 
tection distance. 

Next, the fifth embodiment of the present in- 
vention will be described with reference to Figs. 
12A to 12C. In the fifth embodiment, as shown in 
Fig. 12C, light sources 52 formed of three arrays of 
semiconductor laser diodes 51 are used along with 
a multiple focus lens combining an aspherical sur- 
face to form an emergence pattern of light by three 
beams. Fig. 12B is a cross-sectional view taken 
along the line B - B of Fig. 12A, and Fig. 12C is a 
cross-sectional view taken along the line A - A of 
Fig. 12A. 

The multiple focus lens 53 is formed by, as 
viewed in the cross-sectional view shown in Fig. 
12B, a spherical surface 53b having a predeter- 
mined curvature and an aspherical surface 53a 
having a curvature calculated by an equation 2 
shown below, and is formed by, as viewed in the 
cross-sectional view shown in Fig. 12C, a spherical 
surface 53d having a predetermined curvature and 
an aspherical surface 53c having a curvature cal- 
culated by an equation 3 shown below. 

X = CoY2/[1 + {1 - Co 2 ^}" 2 ] - EA i j Y | 1 (2) 

X = CoZ 2 ^ + {1 - c^Z 2 } 172 ] - EA, j Z j 1 (3) 

In the case of using the multiple focus lens 53 
having different curvatures at different viewing an- 
gles along with light sources 52 formed of three 
arrays of semiconductor laser diodes 51 as men- 



tioned above, a resulting emergence pattern of light 
has a three-beam configuration as shown in Fig. 
13. 

In this case, if the distance dd between laser 

5 chips of the three arrays is set to 0.5 mm and if the 
light sources 52 are disposed so that the direc- 
tionality of Fig. 13B is parallel to the plane of 
paper, then an expansion angle 0c for a long- 
distance area of one beam is 1 * , an expansion 

70 angle Be between the beam optical axes is 1 • , and 
an expansion angle dd for a short-distance area of 
the three beams as a whole is 10*. In this embodi- 
ment, the number of beams, which is three in this 
embodiments, may be any number while the same 

75 design is adopted. 

Next, the sixth embodiment of the present in- 
vention will be described. With respect to the first 
to fifth embodiments, only expansion of light in the 
horizontal direction was described. However, ex- 

20 pansion of light in a vertical direction may be taken 
into consideration, for example, by changing the 
spherical surface 53b of the multiple focus lens 53 
of the fifth embodiment into an aspherical surface 
at least having a curvature calculated by the equa- 

25 tion 2. For example, in such a case, an emergence 
pattern of light such as the pattern shown in Fig. 13 
is exhibited in the horizontal direction, while a pat- 
tern such as that shown in Fig. 14 is exhibited in 
the vertical direction. 

30 If an expansion in a vertical direction is pro- 
vided in this manner, it is specifically preferable to 
set the light transmitter and light receiver portions 
of the optical radar apparatus on a rearview mirror 
portion in a vehicle passenger chamber. 

35 That is, in a case where an expansion in a 
vertical direction is to he provided, there is a need 
to prevent the bonnet of a vehicle using the ap- 
paratus from reflecting light and stopping the light 
from traveling in the desired direction, and setting 

40 in an upper position is therefore preferred. In the 
case of setting outside the vehicle, however, the 
detection accuracy may be reduced by occurrence 
of a dust contamination or the like upon light trans- 
mitting, receiving or the like. 

45 Then, the light transmitter and light receiver 
portions of the optical radar apparatus are disposed 
not only in the vehicle passenger compartment but 
also in the range of wiping of a windshield wiper for 
removing a contamination on a windshield, thereby 

50 enabling the windshield wiper to remove a contami- 
nation on the windshield in front of the light trans- 
mitter and light receiver portions of the optical 
radar apparatus. The detection accuracy can be 
thereby maintained as high as possible. 

55 The present invention is not limited to the 
above-described embodiments and can be prac- 
ticed in various forms in a scope such as not to 
depart from the gist of the invention. 
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Industrial Applicability 

In the present invention, as described above, a 
long-distance area and a short-distance area can 
be simultaneously set as detection ranges accord- 
ing to the optical device, the light source and the 
placement relationship between the optical device 
and the light source. It is therefore possible to 
increase the expansion angle in a road surface 
direction in the short-distance area without setting 
the detection ranges one-sidedly and without sac- 
rificing the maximum detection distance. Specifi- 
cally, if the present invention is applied to a radar 
apparatus for use with a constant-speed traveling 
apparatus mounted on a vehicle, the expansion 
angle in a road surface direction in the short- 
distance area can be increased without setting the 
detection ranges one-sidedly and without sacrific- 
ing the maximum detection distance. It is thereby 
possible to accurately detecting obstacles existing 
in the vicinity of the vehicle while maintaining a 
suitable distance between the vehicle and another 
vehicle. 

Claims 

1. An optical radar apparatus in which a beam of 
light is emitted from a light transmitter, re- 
flected light from an object is received by a 
light receiver, and the distance to the object is 
detected on the basis of a light transmitting- 
receiving relationship, said light transmitter 
having: 

an optical device formed of at least a first 
focus portion having a first focal length, and a 
second focus portion having a second focal 
length at least longer than the first focal length; 
and 

a light source provided in a position at a 
distance equal to or shorter than the first focal 
length from said optical device, said light 
source emitting light to said optical device so 
that light travels to the outside through said 
first focus portion and said second focus por- 
tion. 

2. An optical radar apparatus according to claim 
1, wherein said optical device is formed of a 
hologram. 

3. An optical radar apparatus according to claim 
1, wherein said optical device comprises an n- 
focus lens (n is equal to or greater than 2). 

4. An optical radar apparatus according to claim 
1, wherein said optical device has: 

a cylindrical surface having a predeter- 
mined focal length; 



a flat surface disposed adjacent to said 
cylindrical surface; and 

an aspherical lens disposed at a surface 
not introducing light from said light source with 
5 respect to said cylindrical surface and said flat 

surface; 

said first focus portion being formed by 
said cylindrical surface and said aspherical 
surface, said second focus portion being 
10 formed by said flat surface and said aspherical 
surface. 

5. An optical radar apparatus in which a beam of 
light is emitted from a light transmitter, re- 
75 fleeted light from an object is received by a 
light receiver, and the distance to the object is 
detected on the basis of a light transmitting- 
receiving relationship, said light transmitter 
having: 

20 an optical device formed of at least a 

focus portion having a predetermined focal 
length, and a diffusing flat surface portion dis- 
posed adjacent to said focus portion; and 
a light source provided in a position at a 

25 distance equal to or shorter than the predeter- 
mined focal length from said optical device, 
said light source emitting light to said optical 
device so that light travels to the outside 
through said focus portion and said diffusing 

30 flat surface portion. 
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FIG. 6 
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